Individuals with Parkinson's disease (PD) show marked impairments in their ability to generate selfinitiated, or "voluntary", saccadic eye movements. Investigations of visually guided, or "reflexive", saccades have, on the other hand, produced inconclusive results with studies showing response times (RTs) in persons with PD that are slower, faster, or indistinguishable from those of controls. We performed a meta-analysis to establish whether there are consistent effects of PD on the metrics of visually guided saccades. Combining results across 47 studies we found that reflexive saccades are overall initiated more slowly in persons with PD than in controls, however, this analysis also revealed considerable heterogeneity across studies.
Parkinson's disease Saccadic eye movements Oculomotor function Basal ganglia Meta-analysis a b s t r a c t Individuals with Parkinson's disease (PD) show marked impairments in their ability to generate selfinitiated, or "voluntary", saccadic eye movements. Investigations of visually guided, or "reflexive", saccades have, on the other hand, produced inconclusive results with studies showing response times (RTs) in persons with PD that are slower, faster, or indistinguishable from those of controls. We performed a meta-analysis to establish whether there are consistent effects of PD on the metrics of visually guided saccades. Combining results across 47 studies we found that reflexive saccades are overall initiated more slowly in persons with PD than in controls, however, this analysis also revealed considerable heterogeneity across studies.
Step-wise meta-regression, using eleven potential predictors, subsequently showed that differences in mean RT between controls and persons with PD may arise due to aspects of experimental design. In particular, mean target eccentricity was shown to impact substantially on RTs such that persons with PD predictably initiate saccades faster than controls at small target eccentricities, while responding more slowly for large target eccentricities. Changes in eye-tracking and display equipment over the period covered by the review were also found to have impacted on the pattern of results obtained. We conclude that a, previously unsuspected, eccentricity effect could explain why the saccadic eye movements of persons with PD are sometimes found to be "hyper-reflexive" compared to controls, and suggest that this effect may arise due to PD-induced changes in both peripheral perceptual processing and in central executive mechanisms involving the basal ganglia.
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Introduction
The study of eye movements provides one of the most important investigative windows for understanding the function, and dysfunction, of the human brain (van Gompel, 2007) . Within this research paradigm a particular focus of interest has been on saccade control in Parkinson's disease (PD). For instance, clear differences have been identified in the metrics of self-initiated, or "voluntary", saccades generated by individuals with PD as compared with age-matched controls (Kennard & Lueck, 1989) , and, together with related findings on oculomotor control in PD, this evidence has helped inform theoretical accounts of PD pathophysiology (McAuley, 2003) . On the other hand, despite considerable research effort, studies of response times (RT) for visually guided, or "reflexive", saccades, with unpredictable target location and/or onset time, have produced inconsistent findings-there have been reports of longer (Shimizu, Naito, & Yoshida, 1981; Warabi, Noda, Yanagisawa, Tashiro, & Shindo, 1986; White, Saint-Cyr, Tomlinson, & Sharpe, 1983) , shorter (Bekkering et al., 2001; Briand, Hening, Poizner, & Sereno, 2001; Kingstone et al., 2002) , and statistically indistinguishable (Kimmig, Haussmann, Mergner, & Lucking, 2002; Lueck, Tanyeri, Crawford, Henderson, & Kennard, 1992; Rottach, Riley, DiScenna, Zivotofsky, & Leigh, 1996) RTs in persons with PD compared to their peers. The current article seeks to address this controversy through meta-analysis. Our aim is not only to better quantify the effect of PD on visually guided saccadic RT, but also to find an explanation for the heterogeneity of past findings on this topic. We will contend that the results of this analysis have important implications both for our understanding of PD and for the use of eye movement studies in neuropsychological research.
Many of the symptoms of PD are due to the loss of dopamine input to the basal ganglia (BG) (see Zigmond & Burke, 2002 , for review; though also see Braak, Rub, Gai, & Del Tredici, 2003 for other possibilities). Anatomical and functional studies show that the BG interact with both cortical and sub-cortical oculomotor structures and perform an important role in gating saccadic commands (Hikosaka, Takikawa, & Kawagoe, 2000; McHaffie, Stanford, Stein, Coizet, & Redgrave, 2005) . Several authors have suggested that the effect of PD upon the latency of visually guided saccades is non-existent, or at least small, compared to typical levels of variation in human adults and to the marked effects seen in self-initiated saccades (Kennard & Lueck, 1989; Tanyeri, Lueck, Crawford, & 
